Treatment of 3-cyanoacetyl-2-methylindole (1) with phenyl isothiocyanate gave the corresponding thioacetanilide derivative 3. The thioacetanilide 3 was utilized as the key intermediate for the synthesis of some new 1,3,4-thiadiazole (6a, b and 9a -e), thiophene (11a, b), thiazolidin-4-one (4), thiazole (12 and 13), and benzothiazole (15) derivatives. The structures of the new compounds were elucidated on the basis of elemental analyses and spectral data.
Introduction
The indole moiety is found in various pharmacologically and biologically active compounds [1] . Many indole alkaloids are recognized as one of the rapidly growing groups of marine invertebrate metabolites for their broad spectrum of biological properties [2] . For example, five novel indole alkaloids [3] , tunicate aplidium meridianum A-E, have been isolated from tunical splidium meridianum. They show cytotoxicity toward murine tumor cell lines and have potent inhibition against several protein kinases [4] . Along with these, the substitution at the 3-position of the indole ring can take place by connecting an additional heterocyclic ring, such as imidazole (topsentins [5] , nortopsentins [6] ), dihydroimidazole (discodermindole [7] ), oxazole (martefragin [8] , amazole [9] ), oxadiazine (alboinon [10] ), maleimide (didemidines [11] ), and piperazine (dragmacidone [12] ). Therefore, 3-substituted indoles still represent a significant synthetic challenge.
Results and Discussion
The synthetic procedures adopted to obtain the target compounds are depicted in Schemes 1 -3. Previously, 2-methylindole was reacted with cyanoacetic acid to give 3-oxo-propionitrile 1 [13] . It is known that a great variety of reactants bearing the N=C=S fragment undergo cyclization on reaction with hydrazonoyl halides and α-halocarbonyl compounds to afford thiadiazoles, thiazoles, thiophenes, 2,3-dihydrothiazoles, 0932-0776 / 10 / 1200-1491 $ 06.00 c 2010 Verlag der Zeitschrift für Naturforschung, Tübingen · http://znaturforsch.com and thiazolidines [14] , which have been shown to exhibit antiprotozoal [15] and fungicidal properties [16] . Thus, the base-catalyzed reaction of the acidic methylene compound 1 with phenyl isothiocyanate in dry DMF at r. t. yielded the non-isolable potassium salt 2. Treatment of 2 with dilute hydrochloric acid gave the thioacetanilide derivative 3. The structure of 3 was confirmed based on analytical and spectral data. Cyclization of the potassium salt of the thioacetanilide derivative 2 with chloroacetyl chloride afforded the thiazolidin-4-one derivative 4. The IR spectrum of compound 4 had a strong absorption band at 1733 cm −1 due to the CO group, confirming the presence of the thiazolidinone ring; another piece of evidence for the cyclization was the appearance of a singlet due to two equivalent protons in the 1 H NMR spectrum, at δ = 4.05 ppm, which represents the C5 protons of the thiazolidinone ring. In addition, the 13 C NMR spectrum displayed characteristic signals at δ = 173.2, 112.7 and 30.6 ppm due to C4 (thiazolidin-5-one), CN and CH 2 carbons, respectively, beside all the other carbons at the expected chemical shifts.
The thioacetanilide 3, when treated with hydrazonoyl halides of type 5a, b in refluxing ethanol and in the presence of triethylamine, afforded, in each case, only the 1,3,4-thiadizoles 6a, b (Scheme 2). Elemental analyses and spectral data of the reaction products were in complete agreement with the proposed structures. For example, 6a had characteristic absorption peaks in its IR spectrum at 3280, 2197 and 1666 cm −1 due to NH, CN and C=O groups, respectively. In addi-Scheme 1.
tion, the mass spectrum revealed a peak at m/z = 434 corresponding to the molecular ion (see Experimental Section).
Also, the reaction of α-ketohydrazonoyl halides of type 7 with the thioacetanilide derivative 3 was investigated to see the effect of the presence of the carbonyl group on the course of the reaction. Compound 3 reacted with α-ketohydrazonoyl halides 7a -e to afford the corresponding thiadiazole derivatives 9a -e via elimination of aniline. Structure 10 was discarded Scheme 3. on the basis of elemental analysis and spectral data. For example, the IR spectra of the product 10 would only have one carbonyl absorption band (Scheme 2). The structure of 9 was confirmed on the basis of elemental analyses and spectral data. For example, the 1 H NMR spectrum of compound 9a revealed a triplet and a quartet signal at δ = 1.36 and 4.45 ppm due to the methyl and methylene protons of the ethoxycarbonyl group, respectively. Also the 13 C NMR spectra showed corresponding signals at δ = 13.75 and 63.02 ppm, in addition to two signals at 164.88 and 183.16 ppm corresponding to the two carbonyl carbons.
In the second part of this study, compound 3, when treated with phenacyl bromide or bromoacetone in refluxing ethanol and in the presence of a catalytic amount of triethylamine, gave the corresponding 3-(2-methyl-1H-indol-3-yl)thiophene derivatives 11a, b, respectively, which are analogs of tenidap, as depicted in Scheme 3. The IR spectra of compounds 11a, b showed characteristic bands at 3181, 2182 and 1706 cm −1 due to NH, CN and C=O groups, respectively, and the 1 H NMR spectra revealed a singlet at δ ≈ 7.34 ppm characteristic of the NHPh group. Also, the mass spectra gave the correct molecular ion peaks. Treatment of the thioacetanilide 3 with ethyl bromoacetate, ethyl 2-chloroacetoacetate or 2-(ω-bromoacetyl) coumarine under the same reaction conditions yielded the corresponding thiazolidin-4-one derivative 4 and thiazole derivatives 12 and 13, respectively, in high yield (Scheme 3). The structures of compounds 4, 12 and 13 were established on the basis of elemental analyses and spectral data (see Experimental Section). The reaction of thioacetanilide derivative 3 with 1,2-dibromoethane in ethanol and in the presence of triethylamine gave the corresponding cyclic ketene S, Nacetal 14. A similar reaction has been reported in the literature [17] . The structure of 14 was proven based on its analytical and spectral data. The 1 H NMR spectrum of 14 displayed characteristic signals at δ = 3.2 (t, 2H, CH 2 -S) and 4.1 ppm (t, 2H, N-CH 2 ) beside the expected signals for its other protons.
Thioacetanilide 3 underwent oxidative cyclization on treatment with bromine in acetic acid to give the benzothiazole derivative 15 (Scheme 3). Similar chemistry has been reported in the literature [18] . The structure of compound 15 was established on the basis of elemental analysis and spectral data (see Experimental Section).
Experimental Section
General Melting points were determined on an electrothermal Gallenkamp apparatus and are uncorrected. The IR spectra were recorded in KBr using a Pye Unicam SP-1000 spectrophotometer. 1 H NMR spectra were obtained on a Varian EM-300 MHz spectrometer ( 1 H NMR 300 MHz) using CDCl 3 and [D 6 ]DMSO as the solvent with TMS as internal standard. 13 C NMR spectra were measured on a Varian EM-300 MHz spectrometer (75 MHz). Mass spectra were recorded on an AEI MS 30 mass spectrometer operating at 70 eV. Elemental analyses were carried out by the Microanalytical Center of Cairo University, Giza, Egypt.
Synthesis of 3-(2-methyl-1H-indol-3-yl)-2-(mercapto(phenylamino)methylene)-3-oxo-propionitrile (3)
To a stirred solution of potassium hydroxide (0.56 g, 10 mmol) in dimethylformamide (50 mL), 3-cyanoacetyl-2-methylindole (1) (1.98 g, 10 mmol) was added. After stirring for 30 min, phenyl isothiocyanate (1.40 g, 10 mmol) was added, and stirring was continued for further 6 h. The mixture was then poured over crushed ice containing hydrochloric acid. The solid product was filtered off, washed with water, dried and finally recrystallized from ethanol. 
Synthesis of 3-(2-methyl-1H-indol-3-yl)-2-(4-oxo-3-phenylthiazolidin-2-ylidene)-3-oxo-propionitrile (4)
Method A: To a cold suspension of finely divided KOH (0.28 g, 5 mmol) in dry dimethylformamide (25 mL) was added the 3-cyanoacetyl-2-methylindole (1) (1.0 g, 5 mmol) followed by phenyl isothiocyanate. The mixture was stirred at r. t. for 12 h, and cooled to 0 • C. To the resulting mixture was added a chloroacetyl chloride (0.56 g, 5 mmol) solution, and the mixture was left to stand at r. t. for 24 h before it was poured into ice-cold water. The resulting precipitate was filtered off, and recrystallized from DMF-ethanol.
Method B: To a solution of the thioacetanilide 3 (0.67 g, 2 mmol) in ethanol (20 mL), ethyl bromoacetate (0.334 g, 2 mmol) was added. Triethylamine (0.2 mL) was added dropwise, and the reaction mixture was refluxed for 1 h, then allowed to cool. 
General procedure for the preparation of 2-(3,5-diaryl-1,3,4-thiadiazol-2-ylidene)-3-(2-methyl-1H-indol-3-yl)-3-oxo-propionitriles 6 and 9
To a solution of the thioacetanilide 3 (0.67 g, 2 mmol) in absolute ethanol (20 mL), one of the appropriate hydrazonoyl halides 5a, b or 7a -e (2 mmol) was added. To the resulting mixture triethylamine (0.3 mL) was added, and the reaction mixture was refluxed for 1 h and then cooled. The solid product was filtered off, washed with ethanol and crystallized from ethanol-DMF to afford the corresponding thiadiazole derivatives 6a, b and 9a -e. 2H, thiophene 3H, 5H), 8.13 (d, 2H, p-nitrophenyl To a solution of the thioacetanilide 3 (0.67 g, 2 mmol) in ethanol (20 mL), the appropriate α-halogenated compound (2 mmol) and triethylamine (0.2 mL) were added. The reaction mixture was refluxed for 1 h, then allowed to cool. The product was filtered off, washed with ethanol and recrystallized from DMF-ethanol to afford the corresponding derivatives 11a, b, 12 and 13. 
2-(3,5-Diphenyl-1,3,4-thiadiazol-2(3H)-ylidene)-3-(2-methyl-1H-indol-3-yl)-3-oxo-propionitrile (6a)

3-(2-Methyl-1H-indol-3-yl)-2-(3-(4-nitrophenyl)-5-thiophen-2-yl-1,3,4-thiadiazol-2(3H)-ylidene)-3-oxo-propionitrile (6b)
Orange
Ethyl 5-(1-cyano-2-(2-methyl-1H-indol-3-yl)-2-oxoethylidene)-4-phenyl-4,5-dihydro-1,3,4-thiadiazole-2-carboxylate (9a)
Yellow crystals; m. p. 280
Methyl 5-(1-cyano-2-(2-methyl-1H-indol-3-yl)-2-oxoethylidene)-4-phenyl-4,5-dihydro-1,3,4-thiadiazole-2-carboxylate (9b)
2-(5-Acetyl-3-phenyl-1,3,4-thiadiazol-2(3H)-ylidene)-3-(2-methyl-1H-indol-3-yl)-3-oxo-propionitrile (9c)
3-(2-Methyl-1H-indol-3-yl)-2-(3-phenyl-5-thiophene-2-carbonyl)-1,3,4-thiadiazol-2(3H)-ylidene)-3-oxo-propionitrile (9d)
5-(4-Bromobenzoyl)-4-(2-methyl-1H-indol-3-yl)-2-(phenylamino)thiophene-3-carbonitrile (11a)
5-Acetyl-4-(2-methyl-1H-indole-3-yl)-2-(phenylamino)-thiophene-3-carbonitrile (11b)
Pale
Ethyl 2-(1-cyano-2-(2-methyl-1H-indol-3-yl)-2-oxoethylidene)-4-methyl-3-phenyl-2,3-dihydrothiazole-5-carboxylate (12)
Pale-yellow crystals; m. p. 308 • C; 77 % yield. -IR (KBr): ν = 1610 (C=O), 1719 (C=O), 2190 (CN), 3368 (NH)
